Background: Catheter related bloodstream infections (CRIs) are a major cause of morbidity, mortality and prolonged hospitalization in pediatric patients with home parenteral nutrition (HPN). In recent years, new prophylactic and treatment options have been evaluated to reduce the incidence of CRIs and infection related catheter removals. In children, two retrospective studies have shown the efficacy of ethanol lock treatment (ELT) in reducing the incidence of CRIs in pediatric oncology patients. However, prospective data are missing. Our aim of the present study was to evaluate prospectively the effect of ELT on the cure and recurrence rate of CRIs, duration of hospitalization and antibiotic use in HPN pediatric patients. Methods: HPN children older than three months with a clinical suspicion of a CRI were included and randomised to ELT or standard flushing treatment (heparin or taurolidine). The primary outcomes were persistence and recurrence of the bacteraemia and Central Venous Access Device (CVAD) removal. Secondary outcomes included duration of antibiotic use, duration of hospitalization and side effects. Results: Data from eight HPN children experiencing 14 suspected CRI were analysed. Seven patients had proven CRIs by positive blood cultures. Four were treated with ELT and three with their standard flushing treatment. One CRI persisted in the control group. In one single patient, bacteraemia recurred three times within 24 weeks. This patient had been enrolled in both study arms. A CVAD removal was needed in one patient because of occlusion. Conclusions: This small study showed no additional efficacy of the use of ELT on cure rate or recurrences of CRIs compared to standard therapy in HPN treated children. There were also no differences in duration of hospitalization, the use of antibiotics or CVAD removal between both groups.
INTRODUCTION
For children depending on Home Parenteral Nutrition (HPN), catheter related bloodstream infections (CRIs) are a major source of morbidity, mortality and prolonged hospitalization [1] [2] [3] [4] [5] [6] [7] [8] . A rate from 5.7 catheter-related infections per 1000 catheter days has been reported in pediatric patients with intestinal failure as compared to 11.2 catheter-related infections per 1000 catheter days in HPN pediatric patients with short bowel syndrome (a group with high risk for CRIs) [4, 9] . Due to limited venous accesses in the pediatric population, Central Venous Access Device (CVAD) replacements are limited [10] . Most CRIs occur after contamination of the hub during manipulation or infusion of contaminated medication or fluids, with subsequent migration of microorganisms to the intra-luminal surface and formation of a microbial biofilm [5] .
In order to reduce the incidence of the CRIs and catheter removals, new methods of prophylaxis and treatment have been evaluated in recent years. In vitro studies have shown that ethanol has a broad-spectrum antimicrobial activity against Candida and both Grampositive and negative bacteria, without an adverse effect on the integrity of the CVADs and with a decreased risk of developing drug resistance [11] [12] [13] [14] [15] . Furthermore, ethanol has the advantage of being inexpensive and universally available [16] .
A descriptive retrospective study showed a beneficial effect of Ethanol Lock Therapy (ELT) in reducing the incidence of CRIs in adult HPN patients [17] . In children, only retrospective studies have been performed to evaluate the preventive effect of ELT on CRIs. A small retrospective study in pediatric patients with intestinal failure receiving long-term HPN showed that the mean CRI rate per 1000 catheter days significantly decreased from 8.0 before ELT to 1.3 after ELT (P < 0.01) [9] .
Two retrospective studies have reported the valuable effect of ELT as an additional therapy to systemic antibiotics to CRIs in children with long-term CVADs with diverse underlying disorders [6, 18] . One of these studies even showed 67% of 28 children treated with ELT and systemic antimicrobial therapy cleared the infection with no relapse within 4 weeks compared to 47% in those who were treated with systemic antimicrobial therapy alone [18] . However, prospective pediatric studies concerning the additional therapeutic effect of ELT on CRIs in patients with are lacking. For this reason, our aim was to evaluate prospectively the effect of ELT in combination with antibiotics as treatment for CRIs in pediatric patients on HPN compared to the standard flushing treatment with antibiotics.
MATERIALS AND METHODS
The patient database of the Emma Children's Hospital/ Academic Medical Centre, Amsterdam, the Netherlands was used. All children on HPN and a CVAD, which was used at least twice a week for more than a month and with a suspicion of a catheter related bloodstream infection, were included from October 2009 to July 2011. Eligible patients were randomised to be treated with either ELT or standard flushing therapy. Included patients with a clinical suspicion of a CRI were being treated with systemic empirical antibiotic treatment after blood sampling for microbial blood cultures. They also received ELT or standard flushing therapy during the whole period of antibiotic use. After this antibiotic period they returned to their standard flushing treatment.
At the start of our study the standard flushing treatment consisted of 3 ml heparin 100 U/ml. In 2010 the standard flushing treatment was altered into a combination of a 3 ml taurolidine 2% solution. Taurolidine is an antiseptic agent derivative from the naturally occurring aminosulphonic acid taurinamide and formaldehyde, with a broad spectrum of antimicrobial activity against Gram-positive bacteria, Gram-negative bacteria and fungi [18] .
The local Medical Ethical Committee approved the study and each patient and/or caregivers provided written informed consent before inclusion.
In this randomised open label study the effect of ELT on the persistence of CRIs, recurrence of CRIs, duration of hospitalization and duration of antibiotic use in HPN pediatric patients older than three months of age compared to the standard treatment (heparin or taurolidine solution) were monitored.
Inclusion and Exclusion Criteria
We included: 1) children with a CVAD; 2) active use of the CVAD for HPN (minimal use of twice a week for more than a month); 3) suspicion of a catheter related bloodstream infection for which, according to the treating physician, antimicrobial therapy is indicated.
We excluded: 1) patients allergic to ethanol or alcohol based on the medical history of the patient; 2) patients in need of vasoactive medication or mechanical ventilation; 3) patients with Staphylococcus Aureus or Candida CRI and in the event a CVAD could be removed with alternative CVAD replacement options; 4) patients depending on a catheter for 24 hours or with continuous use of the CVAD All the included patients with a suspicion of a CRI were treated with systemic broad-spectrum antimicrobial therapy. After susceptibility assessment of the causative microorganism cultured from blood, antibiotic treatment was adjusted accordingly.
Main Study Parameters
The primary outcomes included persistence of the bacteraemia, defined as a positive blood culture seven days after start of ELT. Secondly, the recurrence of the bacteraemia, defined by a positive blood culture with the same or other microorganism within 24 weeks and finally removal of CVAD. Secondary measurements included duration of antibiotics use, duration of hospitalization due to CRIs and possible side effects of ELT.
Procedures
Prior to initiation of systemic antimicrobial treatment and instillation of ELT or standard flushing therapy, paired blood cultures were obtained from the CVAD and peripheral blood. CRI is proven with positive blood cultures of the CVAD. After seven days a new blood culture from the CVAD and peripheral blood were taken. Additional blood cultures were obtained in case a recurrent or relapsing CRI was suspected. During ELT the following symptoms were recorded: tiredness, headaches, dizziness, nausea and light-headedness.
Patient characteristics, duration of hospitalization and antibiotic use were obtained from the medical files and put into a database.
The standard lock consists of 3 ml heparin 100 U/ml. The ethanol locks were prepared using the following procedure: 2.0 ml 96% Ethanol was withdrawn with filter needle into a 10 ml syringe. Subsequently, 1 ml NaCl 0.9% was added to the withdrawn 96% ethanol syringe to make a final concentration 67% alcohol. Patients received 67% ethanol instilled into the lumen of the catheter.
All patients in the ELT group received the ELT for a minimum duration three to six hours per 24 hours. After the required dwell time the ethanol lock was withdrawn, discarded and followed by a 10 cc NaCl 0.9% flush. This procedure was repeated for the entire term the patient was treated with antibiotics. After the ELT or standard lock therapy in combination with antibiotic treatment patients continued the use of their standard preventive therapy (heparin or taurolidine).
RESULTS
The median rate of CRIs proved by a positive blood culture combining ELT and standard lock treatment during our study period was 1.6 infections per 1000 catheter days (range 0 to 4.82 infections per 1000 catheter days).
In Table 1 is shown that the median age was 3.5 years (SD = 2.86), three years for the ELT group and four years for the control lock group. Underlying diagnoses included intestinal pseudo-obstruction syndrome, microvillus inclusion disease, short bowel and intestinal motility disorder. Most of the CVAD were single lumen Broviac catheters.
In Table 2 is shown that during the study period, eight children experienced a suspected CRI on 14 occasions. A Table 1 . Patient characteristics.
Characteristic n (%)
Age at the moment of CRI; n = 14 * ; range (mean ± SD; median) 18 mo to 12 y (4.5 ± 2.9 y; 3.5 y)
Gender ( n = 8) CRI was proven five times in the ELT group by positive blood cultures as compared to three proven CRIs in the standard lock group. Among the total of eight HPN patients with a proven CRI, six patients were treated once, one patient was treated twice (once in the ELT arm and once in the control lock arm) and one received the therapy six times (four times in the ELT arm, twice in the control arm). Table 3 shows the primary and secondary outcomes. Among the fourteen suspected CRIs, seven were proved, including six in the CVAD. Of all the proven infections, four were treated in the ELT group and three with their standard flushing regimen (heparin or taurolidine solution). Of all the proven line infections, one persisted after seven days in the heparin group. One case (patient 5) had initially no proved central or peripheral infection, however after seven days a peripheral infection with coagulase-negative staphylococci had been found. In one single patient, bacteraemia recurred three times within 24 weeks. First time with pathogen Klebsiella (case 3), eleven weeks later with pathogen Pseudomonas (case 6) and five weeks later with the same pathogen Pseudomonas again (case 8). In case 3 the patient was treated with ELT, and in case 6 the patient was treated with heparin solution.
Patient 12 had a CRI caused by S. aureus, in whom the CVAD could not be removed because of lack of alternative CVAD replacement localisations. A CVAD removal occurred in one patient (patient 13) because of pre-admission occlusion.
The caregivers of patient 14 did not want to switch to taurolidine as new standard flushing treatment, so for this reason patient 14 is still using heparin as standard flushing treatment. HPN children in the ELT arm with a clinical suspicion of a CRI with negative blood cultures were treated with empiric broad-spectrum antimicrobial therapy (vancomycin and gentamicin) for a median duration of seven days (range 7 -14 days), while patients in the standard arm were treated for a median duration of five days (range 3 -7 days). In the ELT group, proven CRIs were treated for a median duration of 14 days (range 7 -17 days) compared to 18.5 days (range 14 -23 days) in the standard arm.
OPEN ACCESS
The duration of hospitalization was shorter in the heparin group. Median duration of hospitalization in the ELT group was four days (range 0 -17 days), while in the control group the median duration three days (range 0 -11 days).
Possible side effects of ELT were noticed in two patients. A nine year old stated he had two days of headache with cold chills. A five year old stated he had stomach pain and nausea.
None of our patients died.
DISCUSSION
In this study ELT did not show additional efficacy as compared with standard therapy. We included 14 patients with a clinical suspicion of a CRI, seven of them proved by positive blood cultures. No major differences were observed in the reduction of hospitalization duration, duration systemic antimicrobial treatment or CVAD removals. Furthermore, no differences were found between the ELT and control group in persistence or recurrences of CRI. This lack of differences might be explained by the small sample size and the fact that other confounding factors (such as the specific underlying disease of the HPN patients and the causative microorganism) are more important factors in determining the duration of hospital stay and antibiotic use. In addition, the length of hospital stay is depending on the clinical condition of child and the ability of the parents/caregivers to treat the child at home with antibiotics and (ELT or standard) flush/lock therapy. During the study period the median rate of CRI proven by positive blood culture was 1.56 infections per 1000 catheter days. This is lower as reported previously and might be explained by the alteration of heparin to the broad-spectrum antiseptic agent taurolidine as a component of the standard lock therapy resulted in important decrease in CRI in the standard lock therapy group [4, 10] . Limitation of this study was the switch of heparin to taurolidine during the study; however this change was made according to the latest scientific insights which reported a beneficial effect of taurolidine in the incidence of CRI in pediatric patients. A small prospective study showed a beneficial effect of taurolidine in the occurrence of CRI in adult HPN patients (from 71% in the taurolidine group as compared to 6% in the heparin group) [19] . A small retrospective study demonstrated a beneficial effect of taurolidine lock in reducing the incidence of CRIs in pediatric HPN patients [20] [21] [22] . Based on these results, we suggest a multicenter randomised trial evaluating the efficacy and safety of taurolidine in pediatric patients as preventive or therapeutic treatment of CRIs in HPN children as compared to ELT.
CONCLUSION
Our results demonstrate that ELT was not more effective in reducing persistence and recurrence of CRIs as compared to standard treatment, but larger prospective trials are needed to really determine the efficacy of ELT as additional treatment of CRIs in children with HPN.
